With recent developments of sophisticated experimental techniques and advanced theoretical methods/computations, the field of chemical dynamics has reached the point that theoryexperiment comparisons can be made at a quantitative level in very fine details for a prototypical A+BC system. As the system becomes larger, more degrees of freedom are involved and the complexity increases exponentially. At the same time, the multifaceted nature of polyatomic systems also opens up the possibilities for observing many new chemistry and novel phenomena-a land of opportunities. For the past 15 years or so my laboratory has delved into the reaction dynamics of methane+X (X: F, Cl, O( 3 P), and OH). This effort shifts the paradigm in the field of reaction dynamics by making the title reaction a benchmark polyatomic system. In this account, I shall disclose my thinking behind some of the key concepts and methods we introduced and how the unexpectedly discovered phenomena led to other uncharted territories. Those findings not only enrich our understanding of the specific reactions we studied at the most fundamental level and inspire the theoretical developments, but also shape our thinking and lay the foundation for future explorations of different aspects of the multifaceted nature of polyatomic reactivity.
I. INTRODUCTION
When I was asked a year ago to write a review article for Chinese Journal of Chemical Physics, I hesitated because I was not sure what to write and then reluctantly agreed. As time is approaching, I am still wondering. Compiling several of my recent reviews published elsewhere [1] [2] [3] [4] [5] [6] or reiterating similar topics simply does not make any sense to me-besides the ethics issue, unless I have lots of new insights to offer. A few more recent and comprehensive studies on different topics, such as that on the reactive rainbow phenomenon [7] [8] [9] or that on the effects of reactant's vibrational phase on reactivity, could be a good choice. Unfortunately, both are too premature at this stage.
But, promise is promise; is it how a Chinese letter written? (It is composed of two side-by-side characters: people and word.) After much soul searching, I decided to convey something drastically different from a usual article: reminiscences of my thinking behind the works we did on the title reactions over the past 15 years. How did those experiments emerge? What did I aim for? As you will see, some ideas seemed crazy at the time until being proven (then, become obvious in retrospect) and the others turned out to be not quite what I initially conceived. In order not to divert from the * Author to whom correspondence should be addressed. E-mail: kliu@po.iams.sinica.edu.tw spirit of this account, I shall leave the detailed discussion of the dynamical implications and physical insights of the findings to the original publications. Nonetheless, I hope this short historical account as well as the lessons we learned along the way still contain enough intellectual contents to inspire other researchers. As noted in a recent review [6] : "In a fundamental creative field the satisfaction or fun comes from the chase, not the catch."
II. IN THE BEGINNING
It was the beginning of 2001 when we just about finished a series of crossed-beam experiments on X+H 2 /D 2 /HD reactions (X: F, Cl, O( 1 D), and S( 1 D)), I wanted to try something different and more complicated than a prototypical A+BC system. The reaction of X+CH 4 became an obvious choice for several reasons. Firstly, this series of reactions (FIG. 1) are important, both fundamentally and practically, and have been under extensive investigations-though mostly on the kinetics aspects [10] that nonetheless serve as a useful guidance for dynamics studies. Secondly, as depicted in the figure, those reactions exhibit vastly different energetics, barrier heights and locations, which offer us the opportunity to explore how those properties affect the reactivity and how to reconcile the results in the framework of the Polanyi's rules taught in the textbook [11, 12] . The latter is nontrivial: There is only one vibrational mode for a diatomic molecule, yet a polyatomic molecule is characterized by multiple modes. Conceivably, different modes could exhibit FIG. 1 Schematic representation of the reaction profiles of four H-atom abstraction reactions along the reaction coordinate. All energetics are roughly scaled according to the available experimental results, and the locations of the barriers are in keeping with the ab initio calculations. Note the diversity of the heat of reaction, the barrier height and its location. Reproduced from Ref. [6] with permission from The Royal Society of chemistry, copyright 2017. different behaviors in a reaction. Moreover, a polyatomic reaction often leads to multi-channel products, which usually proceed through distinct paths with different transition states-some are early barriers and the other could be late barriers. Obviously, this multi-mode nature is intimately related to the mode-and bondselective chemistry that is at the heart of polyatomic reaction dynamics-the third motivation.
All four reactions depicted in FIG. 1 produce methyl radical, CH 3 . Hence, the first task was to develop a sensitive detection method. We spent about a year or so testing a few resonance-enhanced multiphoton ionization (REMPI) schemes: a (VUV+UV) [13] and two (2+1) REMPI approaches via the 3p z [14] and 4p z [15] intermediate Rydberg states, respectively. In terms of detection sensitivity, all three approaches were quite comparable. I chose the 3p z -scheme for its convenience and its potential for probing the vibrationally excited methyl products despite the fact that at the time the known REMPI features were either the origin bands or those just for the umbrella-mode excited methyl radicals. As it turns out, this potential is much harder to realize than I have envisioned. Only in early 2018 (16 years later!) have all 20 vibrational frequencies of the 3p Rydberg states for all isotopologues (CH 3 , CHD 2 , CH 2 D, and CD 3 ) been fully characterized [16] in the hand of Dr. Huilin Pan (now at the Southern University of Science and Technology).
III. EMERGENCE OF PRODUCT PAIR CORRELATION
The second task took some thoughts to realize. It was clear from FIG. 1 that all four abstraction reactions yield two molecular products. Merely measuring the methyl product distributions by the conventional methods will be blind to the coproduct attributes; yet, two products are formed in any single reactive event. How could I devise an experimental method to obtain such coincident information? One day it occurred to me that an easy way to achieve it is to combine the REMPI state-specific detection with high resolution of translational spectroscopy. Recalling the idea behind the Doppler-selected time-of-flight technique [17] or the Rydberg-tagging translational spectroscopic technique [18] that giving a sufficient kinetic energy resolution, the information on the energy content of the molecular coproduct is manifested in the speed distribution of the detected H-atom. By analogy, the dynamic information on the coincidently formed (yet undetected) coproduct should also be encoded, by virtue of energy and momentum conservations, in the translational energy distribution of the REMPI-tagged methyl product. Because of the multiplex advantage, the newly developed (1997) velocity-mapped ion-imaging (VMI) approach [19] obviously became the method of choice.
But, one more hurdle needed to be circumvented. At the time (∼year 2001) nearly all applications of the VMI technique were on photodissociation processes, which exhibit a cylindrical symmetry about the polarization axis of the photolysis laser, thus enabling the inverse Abel transformation to retrieve the three-dimensional (3D) information from a crushed 2D image. Such cylindrical symmetry of product image is, however, lost when applied to a crossed-beam scattering experiment owing to much longer (tens microsecond) interaction time of two molecular beams-the density-to-flux problem [20] . The conventional wisdom would apply a forwardconvolution procedure to obtain the desired information. Simulation of a crushed 2D image from a presumed 3D distribution seems problematic because the unknown (yet desired) speed and angular distributions are likely entangled. That is where the time-sliced version was devised to alleviate the problem [21] . The idea is pretty simple: If one wishes to see how the seeds distribute within a water melon, it will be better to use a knife to cut it into many pieces than to crush it to a pancake. The density-to-flux correction will still be needed, but it is now a 2D problem and can be done by direct inversion of the raw image [21] -no more the guessing game. With those thoughts in mind, Dr. Jingang Zhou (now at Picarro, Inc., USA) and Dr. Jim Lin (now at IAMS) quickly ran the SIMION simulation and came out several different ion-optics designs that would fulfill our requirements. We picked up one for its easy machining of the electrodes and more importantly for its capability of velocity-mapping a much larger volume of ions in space.
Once the apparatus was set up, I chose a fast reaction of F+CD 4 →CD 3 (0 0 )+DF(v) for testing [21, 22] . Bingo, the idea worked! Even today I still vividly remember the thrilled feeling as the ring-like image gradually developed with each laser pulse on the computer resonance phenomena seem always accompanied with several competing intramolecular processes of the resonant complexes, such as the mode-specific intramolecular vibrational redistribution and the isomerization [2] . This is a trait unique to polyatomic systems and beyond the A+BC resonance. Clearly, studies of reactive resonances in polyatomic reactions not only add an entirely new dimension to the concept of reactive resonance, but also provide an illuminating roadmap to bridge the unimolecular and bimolecular reaction dynamics.
IV. MODE-AND BOND-SELECTIVITY
In late 2004 Dr. Bailin Zhang (now at Temple University, USA) did an extensive study of the ground-state reaction of Cl+CH 4 at E c ranging from 2.5 kcal/mol to 20 kcal/mol [29] . At higher energies a small amount of HCl(v=1), less than 2%, was produced. Significantly, a striking pattern was revealed in the plot of E c -evolution of the pair-correlated differential cross section (DCS) for CH 3 (0 0 )+HCl(v=1), which strongly resembles that we found several years ago in the resonant reaction of F+HD→HF+D [30] [31] [32] . We conjectured, on the vibrationally adiabatic argument, that the suspected resonances must be correlated to the stretch-excited CH 4 reactant (FIG. 5) . Prompted by this intriguing possibility, I quickly shifted the effort to a more challenging topics: the mode-and bond-selective chemistry under the crossed-beam scattering conditions. The time was also about right: Using the PHOTOLOC approach, both Crim's [33, 34] and Zare's [35] [36] [37] groups already reported some beautiful demonstrations of mode-and bond-selected reactivity in Cl+CH 4 /CH 3 D. The timesliced imaging approach should allow us to take much closer look by measuring not only the pair-correlated integral cross section (ICS), but also the correlated DCS.
I wrote an email to Dr. Dean Guyer at LaserVision, requesting a narrow-band IR-OPO. Unfortunately, the requested bandwidth (∼0.1 cm −1 ) was about a factor of 2−3 narrower than the available one. After a few communications, he finally agreed to give a try, but without a firm promise. Several months later, he sent me an email asking if I would accept a higher resolution OPO (<0.05 cm −1 ) with his newly designed oscillator. Of course, I immediately accepted the unexpected and wonderful offer.
The laser, without model number, arrived in the mid of 2005 along with a sketchy manual. At the time a very talent undergraduate, Shannon Yan, just joined the laboratory for her senior research project. She impressed everyone by showing that she was able to realign the IR-OPO/A and bring it back to the specifications after we deliberately messed up the whole alignments (as a test) at the end of two-days' installation. This is particularly astonishing in view of the fact that it was the very first laser she had her hands on, except the laser pointer! She stayed in the laboratory for one more year after her graduation. We enjoyed a very productive period during her two years' tenure; among others [38, 39] for example, developing a conceptual framework to visualize how energy flows along the reaction paths (FIG. 6 ) [40] . The downside of her departure to the U.S. for her Ph.D. study was that I had to step in and spent several weeks teaching myself to keep the laser alive.
V. VIBRATIONAL-INDUCED STERIC EFFECTS
In 2008 Xueming Yang also set up a time-sliced VMI crossed-beam apparatus at DICP. He kindly sent a student, Weiqing Zhang (now at the Dalian Coherent Light Source), to my laboratory at IAMS for 4 months. I spent a few days thinking about what project for him to do in such a short period. We just finished a series of comprehensive studies of the CH stretchexcited reactions of Cl+CHD 3 (v 1 =1)/CH 2 D 2 (v 2 and v 6 =1)/CH 4 (v 3 =1). Those are late-barrier reactions, which make sense in terms of the Polanyi's rules, which state that reactant's stretching vibration should be more effective than translation in promoting reaction rate [11, 12] . What will happen for an early-barrier reaction such as F+CHD 3 ? As it turned out, no one really paid much attention to that class of reactions, perhaps because the received wisdom would regard it as a fruitless project to study. I then asked myself a few questions and found that the answers to those naïve questions are not trivial at all. (Those questions were exactly what documented in Ref. [41] ). The project took Weiqing and Dr. Hiroshi Kawamata (now at RIKEN, Japan) one month to acquire the images and another month to analyze the data. The results were truly astounding and caught us by total surprise (FIG. 7) .
After the paper was published [41] , it received immediate attentions from the media and I ended up declining numerous requests for phone interviews. To understand the intriguing results, the only conceivable interpretation I could think of was that upon CH stretching excitation of the CHD 3 (v 1 =1) reactant, the trajectories of the approaching F-atom got deflected away from the F−H−CD 3 transition state by the long-range anisotropic interactions in the entrance valley, thereby inhibiting the C−H bond rupture and reducing the reactivity. This conjecture was shortly confirmed in the theoretical study by Bowman and coworkers [42] . The implication of this interpretation is far reaching in that the dynamics in some activated reactions could be governed by the weak interaction at long range-rather than the transition state at short range, even at the collisional energy comparably higher than the barrier height. The observed stereo-effect in the F+CHD 3 reaction is induced by the C−H stretching excitation of CHD 3 , and its interaction with an approaching F-atom acts like an optical negative lens. This is one of very few cases that I have encountered and felt most rewarding: A relatively simple experiment unexpectedly led to a remarkable discovery-what else can a scientist ask for?
A completely opposite effect was discovered a year later by Dr.
Fengyan Wang (now at Fu- dan University) in the O( 3 P)+CHD 3 (v 1 =1) reaction [43] , for which the long-range interaction acts instead like a positive lens by focusing the trajectories into the transition-state region and thus significantly promotes the reactivity. Perhaps more intriguing was when we contrasted its product angular dis- tribution to that in another rate-promoting reaction of Cl+CHD 3 (v 1 =1)→CD 3 (0 0 )+HCl(v=0). As shown in  FIG. 8 , obviously two distinct mechanistic origins underpin the observed vibrational-enhanced reaction rates [3] . The rate enhancement in Cl+CHD 3 (v 1 =1) arises from a widening of the attack angles at the transition state because the range of the product angular distributions remain about the same. On the other hand, in the case of O( 3 P)+CHD 3 (v 1 =1) exciting the C−H bond of the CHD 3 reactant not only widens the attack angles, but also enlarges the cone-of-acceptance as evidenced from the extension of angular range of the scattered products. If we view the latter being the results of a focusing effect as just alluded to, will it then imply a rather weak anisotropic interaction at long range in Cl+CHD 3 (v 1 =1)? In other words, will the interaction en route to the barriers in Cl+CHD 3 (v 1 =1) actually functions as, in optical analogy, a window? It follows, how can we validate or invalidate this rudimentary conjecture of a "window-like" interaction by experimental means?
VI. ACTIVE STEREO-CONTROL OF CHEMICAL REACTIONS
The above question then led to another series of experiments in an entirely new direction. The basic idea can be appreciated by a reverse thinking. If the longrange interactions in the entrance channel is indeed nearly isotropic, then an asymptotically aligned C−H bond of the CHD 3 reactant should retain its direction (i.e., no re-orientation effects) up to the barriers, and thus might leave distinct imprints for different initial alignments. So, the experimental strategy is to actively stereo-manipulate the collisional geometry-in contrast to the above F/O( 3 P)+methane reactions where the long-range anisotropic potentials serve the steric control (a passive control), and then to look for the differential reactivity.
To this end, we needed to prepare (i.e., excite and align) the CHD 3 reactants by exploiting the polarization of the IR-laser near the scattering center (rather than in the source chamber) to minimize the hyperfine depolarization effects. As a result, this IR-pump and UV-probe experiment under the crossed-beam arrangement became more challenging because the IRexcitation efficiency would drop from a typical 30% (with higher intensity and smaller laser spot size in the source chamber) to about 3%−4%. In fact, I was not even sure if the signal-to-background (from the groundstate reaction signal) ratio would be sufficient for us to see any differences. Nevertheless, Fengyan was excited about the prospect and boldly faced the challenge. After carefully optimizing the new setup, the very first alignment experiments in Cl+CHD 3 (v 1 =1), by alternating the IR-polarization in parallel or perpendicular to the initial relative velocity vector k for every 5 min, showed distinct image patterns depending on the IRpolarization directions (FIG. 9) . That was really exciting moment, and luckily Nature is kind to us for a huge steric effect in that reaction! Soon after our first alignment paper was in print [44] , something really bothered me. In that experiment, only two IR-polarization directions were taken: say, along the z-axis (k) and the y-axis (the ion-TOF axis which is normal to k); that is, another image with the IRpolarization along the x-axis (also normal to k) was missing. Any recorded image in an alignment experiment should correspond to a three-vector correlated quantity-in this case (k k ′ j), where j denotes the aligned reactant CHD 3 (v 1 =1, j). And mathematically, to fully characterize a three-vector correlated quantity requires specifying three angles: two polar angles and one azimuthal angle. The need for an azimuthal angle then breaks the usual cylindrical symmetry around k. Yet, our image analysis implicitly assumed such a symmetry.
So, back to literatures. It took me a while, and with insightful help from Peter Rakitzis (at FRTH, Greece) who clarified many of my conceptual questions through   FIG. 9 Three CD3(v=0) product images in the Cl+CHD3(v1=0, 1) reactions with a superimposed axis indicating the scattering directions; the 0
• angle refers to the initial CHD3 beam direction in the center-of-mass frame. The pair-correlated labeling is defined as follows: The numbers in the parentheses denote the quanta of vibrational excitation in the modes of CD3 (left) and HCl (right) products; the outer subscript indicates the reactant state ("g" for ground-state CHD3, "b" for bend-excited CHD3, and "s" for stretch-excited CHD3). The lower-right panel shows the polarization-angle dependence of the probed signals from the stretch-excited reaction. The v=0 data correspond to the outer-ring feature labeled (00, 0)s on the images; for the v=1 data i.e., the (00, 1)s pair, only the forward signals within a 70
• cone are counted. Two sets of data are normalized and the solid lines are best fits based on a simple equation. Modified from Ref. [44] .
email communications, to get a solid grasp of the physical meanings of the reaction polarization moments [45] . In the end, we understood what we were measuring, how to perform the right experiments, and how to retrieve the entangled polarization moments from the acquired image data. Besides being able to reveal for the first time a true 3D picture of the stereo requirement for reaction [46] [47] [48] [49] , we also realized [51] that in a direct collinear collision the polarized-scattering measurements actually provide a tantalizing perspective to unfold the impact-parameter averaging in a scattering experiment (FIG. 10) -the "forbidden fruit" dubbed by Dudley Herschbach [50] . With that, for the next several years, first by Fengyan and then followed by Huilin, we explored various aspects of polarization scatterings, including that for the CH 4 reactant [52] , which again raises another intellectual challenge to physically understanding the alignment of a spherical-top molecule.
It is remarkable that the above three seemly analogous reactions, namely F/Cl/O( 3 P)+CHD 3 reactions, which have similar long-range anisotropic interactions in the entrance valley on the ground-state PESs, display The corresponding CHD2(v=0) product images, adopted from Ref. [57] , in the reaction of Cl+CHD3(v1=1). In a direct reaction with collinear transition state, aligning the reactive bond acts as a "partial-wave filter" to select a preferred range of impact parameters for reaction, resulting in distinct product images.
vastly contrasting stereo-dynamic behaviors in the CH stretch-excited reactions. The premise of the proposed vibrational-induced steric effect lies on the concept of vibrational adiabaticity [12, 38, 40] , which should be a reasonably good approximation en route to the barrier, at least for an early or a central barrier reaction.
As depicted in FIG. 1 , the three reactions are characterized respectively by an early, a late, and a central barrier reaction with distinct barrier heights. The generalized vibrational frequencies are not necessarily invariant along the reaction path, in particular for those with strong couplings to the reaction coordinate such as the CH stretching mode and umbrella mode of CHD 3 reactant. Hence, upon C−H stretching excitation, the topography of the vibrationally excited adiabatic PES must undergo significant changes from the ground-state PES, not only in terms of the barrier properties (height and shift of location), but also on the long-range interaction in the entrance valley as well as how it merges into the barrier region. Then, from the vibrationally adiabatic perspective, the changes of PES topography en route to the barrier can exert great influence on guiding or disrupting the trajectories to attain the favored transition state geometry. But, how the changes correlate to the barrier properties and exactly how those subtle differences vary with reactions and connect to the observed stereo-dynamic behaviors are not yet fully understood. Further theoretical investigations, both on the PES and quantum dynamics, are warranted. An episode in the series of studies of the Cl+CHD 3 (v 1 =1) reaction is originated from a puzzling observation. The vibrational rate-enhancement factor shows a strong dependency on the initial rotationalstate |jK⟩ of CHD 3 (v 1 =1, |jK⟩)-a rotational-mode specificity of the reactant. Yet, the more detailed product state distributions and DCS's are essentially invariant to the initial |jK⟩ states [53] . Similar phenomena were observed in Cl+CH 4 (v 3 =1, |jN l⟩) [54] . These intriguing findings appear odd and defy the conventional wisdom that a measured quantity with less averaging should uncover more of the dynamic details, making the subtle difference more pronounced-not the other way around. A 'loss-of-memory' mechanism was then postulated to rationalize the paradoxical results [54] . The mechanism invokes a step-wise process: the initial step is governed by the capability of reactants to attain the transition state, which depends on the initial rotational state (a steric effect). Once the barrier is surmounted, however, the memory of the initial rotation is lost and the product distributions are mainly governed by the ensuing transition-state dynamics-the second step.
Despite the intuitive soundness of the 'loss-ofmemory' mechanism, the polarized-scattering experiments convincingly demonstrated that whereas the unpolarized speed and angular distributions for different |jK⟩ states are nearly identical, the respective distributions in reactions with a polarized reactant are distinct, exhibiting vastly different stereo-specific behaviors that also depend on the initial rotational states [48, 49, 55] . Hence, the origin of the above loss-ofmemory phenomenon should be viewed as the consequence of stereo-averaging over all possible collisional geometries in an experiment with unpolarized reactants, rather than the step-wise mechanism as originally conceived. This is a beautiful example showing how a polarized scattering experiment enables us to unlock some dynamic mysteries that could otherwise have misled us to a totally different mechanistic interpretation.
VII. FROM POLARIZED SCATTERING DATA TO INTERACTION POTENTIAL
Solving one problem might have uncovered another. This study arose from a perplexing result reported in Ref. [46] . At that time, in order to get a better feeling about the observed angular dependences of the polarization-dependent differential cross sections (PDDCS), I was curious about how the PDDCS's would look like within the simple (hard-sphere) line-of-centers (LOC) model [12] . The results are stunning: the prediction of the simple LOC model shows nearly perfect agreement with experiment! On one hand, I was very pleased to see the excellent comparison because it showed that we could understand the very detailed stereodynamics by a simple physical model. On the other hand, it was really disconcerting in that all of those very elaborative experiments and measurements yield so little additional insight! In addition, I would have thought, on intuitive ground, that any polarization experiment should be very sensitive to the anisotropic The saddle point is a stationary point near the top of the barrier. The potential energy surface curves upward along the direction orthogonal to the reaction coordinate, forming a bend potential. At a given collision energy, only those reactants with sufficiently higher Ec (red-shaded part) than E b can (classically) pass through the barrier, and the amount of reactive fluxes (blue-shaded part) will depend on the stiffness of the bending potential-thus, the steric A-factor in the familiar Arrhenius rate equation. (Right) Plot of angle-dependent barrier to reaction. For the experimentally measured potential, the axes of E and bend angle correspond to Ec and the most probable attack-angle for the products in the backward-scattered region, respectively. Two open circles show the results when higher rotational-excited CD3(00) products were probed. The blue (red) curve is the theoretical potential as a function of the bending angle at the saddle point on the vibrationally adiabatic ground-state (stretch-excited) PES, for which the energy relative to the adiabatically barrier height at the collinear configuration is plotted. Reproduced from Ref. [57] with permission from Nature Chemistry, copyright 2017.
part of the interaction potential, yet nothing of this sort is considered in the simple LOC model. Well, as an old remark goes [56] : "In a sense, the close comparison between experiment and theory marks just the beginning of physical understanding. " So, what was going on? It took me two years or so to solve this dilemma [57] : the reason is the kinematic smearing effects of the impact-parameter averaging when we examine the full angular range of PDDCS. The bending potential information at the transition state is indeed encoded in the PDDCS and should be least ambiguous for zero-impact-parameter collisions in a direct, collinear event. Then, to uncover such anisotropic information of the interaction potential, what we need to do is to focus on the differential PDDCS (parallel vs. perpendicular) over a narrow range of backward-scattered results (FIG. 11) -another puzzle resolved.
VIII. EPILOGUE
Niels Bohr (1885−1962) once said that "It is wrong to think that the task of physics is to find out how Nature is; physics concerns what we say about Nature." I may re-phrase this word of wisdom as: Science is not about right or wrong; Science is about pursuing the truth. I often feel lucky to choose scientific research as my lifelong profession, which I enjoy immensely. In particular, I have been extremely fortunate for being able to pursue the projects of my own choice over the past 35+ years.
When we started to look into the X+methane reactions 15 years ago, I wanted to probe the product distributions beyond the conventional approach; however, the initial goal was rather modest. I could never have envisioned how the project would evolve. The path was zigzag with many obstacles, both technical and conceptual. What led the project into different and unforeseeable directions is exactly the surprising observations along the way as well as the desire to gain a deeper understanding of them. I often said to the group members that fundamental research is to explore the unknown-why bother if you already know the answer. Yet, the real-world scientific problem is usually not welldefined. In order to sort out the order from chaos, one needs to make an educated guess by induction. A right guess will reinforce our intuition, whereas a wrong guess may inspire new insights. Quoted from Louis Pasteur (1822−1895): "Opportunity is for the prepared mind." Seeing the hidden connections between the known and the unknown is when the opportunity opens up, and having the ability and courage to act on the conjectured insights enables us to move forward.
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